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Background and Objectives: To investigate the association of serum 25-hydroxyvitamin D (25(OH)D) with 
skeletal muscle mass (SMM) and function among the elderly in an urban area in northern China. Methods and 
Study Design: A total of 912 participants (316 men, 596 women) aged more than 60 years from 4 communities 
in Beijing were enrolled. Serum concentrations of 25(OH)D were measured through radioimmunoassay. SMM 
was assessed through bioelectrical impendence analysis, whereas skeletal muscle function was assessed through 
grip strength and 4-m regular gait speed measurements. On the basis of expert consensus of the Asian Working 
Group for Sarcopenia, low muscle mass was defined as relative skeletal mass index (RSMI) <7.0 kg/m2 for men 
and <5.7 kg/m2 for women. A noncondition logistical regression model was employed to explore the association 
between vitamin D and both muscle mass and function. Results: Serum 25(OH)D was positively associated with 
grip strength (β=0.16, SE=0.05). The upper quartile of 25(OH)D was negatively associated with loss of grip 
strength (OR=0.05, 95% CI: 0.01–0.48) in men but not in women. No significant associations were noted be-
tween 25(OH)D and appendicular skeletal muscle mass, RSMI, and gait speed. Conclusions: The present study 
demonstrated a positive association between vitamin D and skeletal muscle strength in elderly Chinese men but 
not women. 
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INTRODUCTION 
China has gradually changed into an aging society, with 
approximately 202 million elderly people in 2013; this 
number is expected to double by 2050.1 Aging is accom-
panied by significant changes in body composition that 
are often linked to sarcopenia, a syndrome characterized 
by progressive and generalized low skeletal muscle mass 
(SMM) and function (muscle strength and performance), 
which carries a risk of adverse outcomes such as physical 
disability, poor quality of life, and death.2,3 Sarcopenia 
has been estimated to cost $18.4 billion per year in the 
USA.4  
    Multiple mechanisms and risk factors, such as physical 
inactivity, poor nutrition, genes, hormones, and metabo-
lism, contribute to the development of sarcopenia.5,6 With 
associations between low vitamin D and various ex-
traskeletal conditions reported in various epidemiological 
and prospective cohort studies over the past several 
years,7 the potential effect of vitamin D on SMM and 
muscle function (including physical performance) has 
been receiving increased attention in recent years.8-14 A 
few recent reports have indicated that muscle mass, 
strength, and performance are reduced in older individu-
als with low serum 25-hydroxyvitamin D, whereas the  

 
 
risk of falls is increased.8-10A recent population-based 
study reported that after adjustment for confounders and 
in terms of grip strength, people with low baseline serum 
25(OH)D (<25 nmol/L) were 2.57 times (95% CI 1.40–
4.70) more likely to experience sarcopenia compared with 
those having high serum 25(OH)D (>50 nmol/L).9 How-
ever, there is limited knowledge regarding the effects of 
vitamin D on muscle mass and function in the Chinese 
population; furthermore, results in the literature are in-
consistent.13,14 A deeper understanding of the relationship 
between vitamin D and muscle mass and function in the 
elderly may help in developing a novel way to slow the 
loss of muscle mass and maintain muscle function. There-
fore, in the present study, we investigated the association 
between serum 25(OH)D and SMM, grip strength, and 
gait speed in elderly persons in urban north China. 
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MATERIALS AND METHODS 
Participants 
A total of 912 senior adults, aged more than 60 years, 
from 4 communities in Shijingshan district, Beijing, were 
invited to participate in this survey, which was conducted 
from November to December 2013. The exclusion criteria 
were as follows: 1) individuals with severe illnesses such 
as obesity (body mass index (BMI) ≥30 kg/m2), diabetes 
(with serious complications), severe liver, kidney, or neu-
ral diseases, or progressive cancer; 2) individuals with a 
history of stroke or myocardial infarction in the past one 
year; 3) individuals with conditions such as joint disease 
with restricted activity and hyperthyroidism and those 
receiving estrogen therapy; 4) individuals with metal in 
the body (who therefore cannot undergo bioelectrical im-
pendence analysis (BIA)); and 5) individuals who were 
heavy smokers or alcoholics.  

The study protocol was approved by the Ethical Re-
view Committee of the National Institute for Nutrition 
and Health, Chinese Center for Disease Control and Pre-
vention, Beijing(INFS 20120301). Written informed con-
sent was obtained from all participants. 
 
General information 
A questionnaire was used to collect information about 
demography (sex, age, previous occupation, and educa-
tion), lifestyle (smoking, alcohol drinking, breakfast fre-
quency per week, and frequency of eating out), and phys-
ical activity (instances of moderate-to-vigorous exercise 
or housework per week and the duration of each such 
instance) from the participants through face to face inter-
views. Additional information regarding socioeconomic 
status, duration of sun exposure during summer and win-
ter, duration of sleep, and intake of nutrition supplements 
was also collected using the same questionnaire.  
 
Dietary survey 
A semi-quantified Food Frequency Questionnaire (FFQ; 
validated as a reliable method to assess dietary energy 
and protein in Chinese adults)15 containing 45 food items 
was used to assess dietary energy and protein intake. The 
habitual diet of the participants during the past 1 year was 
ascertained through face-to-face interviews. Photos of 
foods with measured portion sizes were used to help par-
ticipants in estimating the amount of foods they have con-
sumed. Energy and protein intake were assessed on the 
basis of food intake and the Chinese food composition 
table (2004).   
 
Anthropometry measurement 
The height of the participant was measured to the nearest 
0.1 cm by using a freestanding stadiometer mounted on a 
rigid tripod (GMCS-I, Xindong Huateng Sports Equip-
ment Co. Ltd., Beijing, China). Fasting body weight was 
measured to the nearest 0.1 kg by using a balance beam 
scale (RGT-140, Weighing Apparatus Co. Ltd., Chang-
zhou Wujin, China) with the participants wearing only 
underwear. BMI (kg/m2) was calculated as weight (kg) 
divided by the square of the height (m). 
 
Measurement of muscle mass and function  
Muscle mass was assessed using a segmental multifre- 

quency BIA (SMF-BIA) device (InBody720, Biospace, 
Korea) that measured the voltage drop in the upper and 
lower body. The accuracy of lean body mass measured 
through the SMF-BIA method has been verified in previ-
ous studies.16,17 The InBody720 uses eight tactile elec-
trodes (at the hands and feet) and six frequencies (1, 5, 50, 
250, 500 kHz and 1M kHz) to detect segmental body 
composition, including body water, fat, muscle, and min-
eral content. The participants were asked to fast for over 
two hours, remove their shoes and socks, wear only their 
underwear, and stand over the electrodes on the machine 
for 3–5 min. From the InBody720 output, we measured 
SMM and appendicular skeletal muscle mass (ASM) and 
subsequently calculated the relative skeletal mass index 
(RSMI) by dividing the ASM (kg) by the square of height 
(m).   

A handgrip dynamometer (EH101, Camry, Guangdong 
Xiangshan Weighing Apparatus Group Ltd., Zhongshan, 
China) was used to measure grip strength. Participants 
were instructed to hold the dynamometer in the dominant 
hand while standing and use maximum isometric effort 
for about 5 s. Maximum strength was measured twice and 
the highest recorded value was considered the maximal 
grip strength. A minimum rest period of 5 min was en-
sured between each measurement.  

The 4-m regular gait speed was measured to assess 
muscle performance. Participants, wearing ordinary shoes, 
were asked to walk for 4 m at their regular speed, and the 
time taken was recorded in seconds (s). The gait speed 
test was performed only once. 
 
Vitamin D measurement  
Fasting venous blood samples (4.5 mL) were obtained 
and the serum samples were stored at –70  until further ℃
analysis. Serum concentration of 25(OH)D, measured 
using an immunoradiometric assay (DIAsource Immuno-
Assays S.A., Louvain-la-Neuve, Belgium), was used as 
an indicator of the vitamin D status. All samples were 
analyzed simultaneously. The reference range for 
25(OH)D was 6.6–24.5 ng/mL, and the intra- and inter-
coefficients of variation for 25(OH)D were 4.7% and 
9.1%, respectively, according to the manufacturer’s notes.  
 
Definition of variables and outcomes 
Sarcopenia was defined on the basis of expert consensus 
of the Asian Working Group for Sarcopenia.18 Partici-
pants who had low muscle mass simultaneously with ei-
ther low grip strength or low gait speed were defined as 
having sarcopenia. Low muscle mass was defined as 
RSMI <7.0 kg/m2 in men and <5.7 kg/m2 in women. Low 
grip strength was defined as handgrip strength <26 kg in 
men and <18 kg in women. Low gait speed was defined 
as walking speed < 0.8 m/s in both men and women.  

According to the widely used criteria,19 the following 
ranges were used for classifying the 25(OH)D status: de-
ficiency, <20 ng/mL; insufficiency, 20–29.9 ng/mL; and 
sufficiency, ≥30 ng/mL. 
 
Statistical analysis 
SAS package version 9.1 (SAS Institute Inc, Cary, NC) 
was used for statistical analyses in the present study. 
General linear model was used to calculate the mean and 
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95% CI of gait speed, grip strength, SMM, ASM, and 
RSMI by vitamin D quartiles after adjustment for covari-
ates such as sex, age, sun exposure, and physical activity. 
The prevalence of sarcopenia and its components were 
presented as prevalence and 95% CI. Wald chi-square test 
was used to compare the differences in prevalence among 
the vitamin D quartiles. Noncondition logistic regression 
model was employed to explore the association of vita-
min D with muscle mass and function. Four models were 
explored with low SMM, low grip, low gait speed, and 
sarcopenia as the lone dependent variable. No variable 
except serum 25(OH)D was included as the independent 
variable in the unadjusted model. We included eleven 
potential confounders (sex, age, occupation, sun exposure, 
physical activity, education, body fat percentage, smoking, 
drinking, dietary protein, and energy intake) as independ-
ent variables in model I. In model II, we further adjusted 
for grip strength and gait speed for low SMM, for gait 
speed and SMM for low grip strength, for grip strength 
and SMM for low gait speed. p<0.05 was considered sta-
tistically significant. 

RESULTS  
General information 
A total of 912 elderly participants (316 men and 596 
women) aged sixty years and older participated in the 
survey. The mean age of the participants was 67.9 years, 
and the majority (94.8%) belonged to the 60–79 age 
group. The percentage of participants educated at the lev-
el of middle school, or lower was 96.4%, and 80.6% of 
the participants had previous occupational histories of 
manual and mental work. In addition, 13.8% and 21.6% 
of the participants reported smoking and drinking habits, 
respectively.  

Serum 25(OH)D in the elderly were found to be 
14.8±0.4 ng/mL (median: 12.7 ng/mL):  15.1±0.6 ng/mL 
(median: 12.6 ng/mL) in men and 14.6±0.4 ng/mL (medi-
an: 12.7 ng/mL) in women. The prevalence of vitamin D 
deficiency was 74.7% in men and 78.5% in women. 
Mean dietary energy and protein intake were 1512 Kcal/d 
and 61.1 g/d, respectively (Table 1).  
 

Table 1. Basic characteristics of the study population (%)†   
 

Descriptive variables Men  Women  Total 
n %  n %  n % 

Age group        
    60-69 203 64.2 399 67.0 602 66.0 
    70-79 90 28.5 173 29.0 263 28.8 
    ≥80 23 7.3 24 4.0 47 5.2 
Education       
    Primary school and below 57 18.0 180 30.2 237 26.0 
    Middle/technical secondary school 240 76.0 402 67.5 642 70.4 
    College and above  19 6.0 14 2.4 33 3.6 
Previous occupation       
    Manual worker  194 61.4 317 53.2 511 56.0 
    Peasant  16 5.1 80 13.4 96 10.5 
    Mental worker  85 26.9 139 23.3 224 24.6 
    Others 21 6.7 60 10.1 81 8.9 
Smoking       

No 217 68.7 570 95.6 787 86.3 
Yes, every day 85 26.9 24 4.0 109 12.0 
Yes, but not everyday 14 4.4 2 0.3 16 1.8 

Alcohol drinking        
    Yes, everyday 81 25.6 10 1.7 91 10.0 

Yes, 1-6 times per week 36 11.4 10 1.7 46 5.0 
Yes, <1 times per week 42 13.3 18 3.0 60 6.6 
No 157 49.7 558 93.6 715 78.4 

Vitamin D category       
    Deficiency  236 74.7 468 78.5 704 77.2 
    Insufficiency 49 15.5 82 13.8 131 14.4 
    Sufficiency  31 9.8 46 7.7 77 8.4 
Physical exercise at least once a week         

No 220 69.6 442 74.2 662 72.6 
Yes 96 30.4 154 25.8 250 27.4 

         

 Mean SE  Mean SE  Mean SE 
Serum 25(OH)D (ng/mL)‡ 15.1 0.6 14.6 0.4 14.8 0.4 
BMI (Kg/m2) 25.3 0.2 25.2 0.2 25.2 0.1 
Sun exposure in Winter (hr) 2.3 0.1 2.0 0.1 2.1 0.1 
Sun exposure in Summer (hr) 2.0 0.1 1.6 0.1 1.8 0.0 
Sleep duration per day 7.2 0.1 6.7 0.1 6.9 0.1 
Energy intake (Kcal/d) 1719 35.8 1399 24.7 1512 21.0 
Protein intake (g/d) 72.4 1.6 55.0 1.1 61.1 0.9 

 
BMI: body mass index. 
†Continuous variables were expressed as mean and standard error and categorical variables were expressed as cases and prevalence.   
‡Median serum 25(OH)D was 12.6 ng/mL, 12.7 ng/mL, and 12.7 ng/mL for men, women, and all participants, respectively.  
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Vitamin D–based distribution of skeletal muscle mass 
and function levels 
The mean grip strength among the vitamin D quartiles 
differed significantly, whereas no significant differences 
were observed in mean gait speed, SMM, ASM, and 
RSMI (Table 2). Furthermore, no significant differences 
were noted in the rates of low SMM, low gait speed, and 
sarcopenia among the vitamin D quartiles (p>0.05).  
 
Association of vitamin D with skeletal muscle mass and 
function 
As shown in Table 3, serum 25(OH)D was positively 
associated with grip strength in men (β=0.160, p=0.001) 
but not in women (β=0.013, p=0.493). No significant as-
sociations were seen between 25(OH)D and ASM, RSMI, 
and gait speed in both men and women (p>0.05) . 

The prevalence of sarcopenia, low SMM, and low gait 
speed were not significantly associated with serum vita-
min D in both men and women, irrespective of whether 
the model was adjusted (p>0.05). However, a significant 
negative association was found between low grip strength 
and serum vitamin D in men but not in women, with or 
without adjustment (Table 4). As listed in Table 4, OR 
ranged from 0.05 in model II to 0.13 in the unadjusted 
model (highest quartile vs. lowest quartile of 25(OH)D). 
 
DISCUSSION 
Association of vitamin D with muscle mass 
Though a 3-year follow-up longitudinal study in the 
Netherlands found that low serum 25(OH)D (<25 nmol/l) 
was a risk factor (OR, 2.14; 95% CI, 0.73-6.33) for loss 
of muscle mass,9 a recent review summarized the impact 
of nutrition on muscle mass, strength, and performance in 

older adults and reported a moderate association between 
vitamin D status and muscle strength but not muscle 
mass.14 To the best of our knowledge, the present study is 
the first to report an association between vitamin D status 
and both skeletal muscle mass and function in the elderly 
in China, showing consistent results with previous stud-
ies.13,14 Few studies have investigated the association be-
tween vitamin D and SMM, for which the possible rea-
sons include: 1) SMM has not been widely detected in 
population-based studies mainly because it is complex, 
time intensive, and expensive to measure. 2) Compared 
with muscle function, ameliorating SMM by vitamin D 
supplements is more difficult. 3) Scholars tend to report 
positive results for easier publication, thereby leading to 
bias. Considering the inconsistency in the results in the 
present literature, additional longitudinal studies are 
needed to clarify the presence and strength of an associa-
tion between vitamin D and muscle mass.      
 
Association of vitamin D with skeletal muscle function    
Unlike SMM, the association of vitamin D with skeletal 
muscle function (grip strength, gait speed, and balance) 
has been studied more frequently in the past, and a posi-
tive association has been reported between the two.8,10,13,20 
An early study showed that lower serum 25(OH)D3 con-
centrations (<40 nmol/L) were associated with lower 
handgrip strength and shorter walking distance in com-
munity-dwelling elders.8 A similar result was found in a 
cross-sectional study in older healthy Chilean adults.10 A 
recent study reported that serum 25(OH)D3 was associat-
ed with handgrip strength in older (mean age, 80 years) 
hip-fracture patients.13 A prospective study by Visser et al. 
highlighted that low vitamin D was one of the risk factors 

 
Table 2. Muscle mass and function stratified by serum vitamin D quartiles† 

 
 Vitamin D quartile‡   F p Q1 Q2 Q3 Q4 
Gait speed (m/s) 1.01 (0.95, 1.06) 0.94 (0.90, 0.98) 0.94 (0.89, 0.98) 0.95 (0.89, 1.00) 2.20 0.09 
Grip strength (kg) 26.4 (25.3, 27.6) 27.1 (26.2, 27.9) 28.0 (27.1, 28.9) 28.1 (26.9, 29.2) 2.90 0.03 
SMM (kg) 24.2 (23.5, 24.9) 23.7 (23.2, 24.2) 23.5 (23.0, 24.1 ) 23.5 (22.8, 24.2) 1.20 0.31 
ASM (kg) 17.8 (16.8, 18.8) 18.1 (17.5, 18.7) 17.9 (17.4, 18.5) 17.7 (17.0, 18.4) 0.41 0.75 
RSMI (kg/m2) 6.9 (6.8, 7.1) 6.8 (6.7, 7.0) 6.8 (6.7, 6.9 ) 6.8 (6.7, 7.0) 0.85 0.47 
Low SMM (%) 12.0 (11.8, 12.2) 16.0 (15.9, 16.1) 12.3 (12.2, 12.4) 7.3 (7.2, 7.5) 5.45 0.14 
Low grip strength (%) 20.0 (19.8, 20.2) 23.89 (23.8, 24.0) 18.1 (18.0, 18.2) 15.5 (15.3, 15.6) 6.46 0.09 
Low gait speed (%) 15.2 (5.4, 5.8) 20.5 (20.4, 20.6) 23.2 (23.1, 23.3) 17.1 (16.9, 17.2) 4.35 0.23 
Sarcopenia (%) 5.6 (15.0, 15.4) 8.5 (8.4, 8.6) 8.5 (8.4, 8.6) 4.9 (4.7, 5.1) 5.93 0.12 

 
SMM: skeletal muscle mass; ASM: appendicular skeletal muscle mass; RSMI: relative skeletal mass index.  
†Continuous variables were described as mean and 95% CI. Covariant analysis adjusted for sex, age, sun explore and physical activity was 
used to test the difference among vitamin D quartiles. Categorical variables were described as prevalence and 95% CI. Chi-square test for 
the difference of the prevalence among vitamin D quartiles was used.   
‡Mean and standard error of 25(OH) D in Q1, Q2, Q3, Q4 was 3.5±0.1 ng/mL, 9.0±0.1 ng/mL, 17.0±0.2 ng/mL, and 33.4±0.8 ng/mL, 
respectively.  
 
 
Table 3. Multiple linear regression results  
 

 Men  Women 
 Β SE p  Β SE p 
Gait speed (m/s) -0.002  0.002  0.267  -0.001  0.001  0.343  
Grip strength (kg) 0.160  0.046  0.001  0.013  0.019  0.493  
ASM (kg) -0.010  0.026  0.696  -0.007  0.007  0.341  
RSMI (kg/m2) -0.005  0.006  0.414  -0.005  0.003  0.120  

 
ASM: appendicular skeletal muscle mass; RSMI: relative skeletal mass index.  
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for loss of grip strength in the elderly.9  
The present study revealed sex heterogeneity in the as-

sociation between vitamin D and muscle strength. Serum 
25(OH)D was positively associated with grip strength, 
and the upper quartile of 25(OH)D was negatively associ-
ated with loss of grip strength in men but not in women. 
These inconsistent findings might be partly attributed to 
vitamin D receptor (VDR) gene polymorphism. VDRs 
have been characterized as members of the steroid hor-
mone super-family, acting as a hormone-inducible tran-
scription factor.21 Vitamin D plays a direct role in skeletal 
muscle formation via VDRs, most likely through both 
genomic and nongenomic mechanisms.22,23 VDRs have 
been shown to possess various genetic polymorphisms, 
which may affect the function of the skeletal muscle.24 A 
23% difference in quadriceps strength and a 7% differ-
ence in grip strength between the two homozygote types 
of a restriction site have been reported.25 Therefore, the 
genetic polymorphisms of VDR may explain the sex het-
erogeneity in the association between vitamin D and grip 
strength; however, this need to be confirmed in future 
investigations.   

Vitamin D was not associated with gait speed in the 
present study. This may be attributed to some participants 
not walking at their usual speed during the 4-m gait speed 
test. Although those with restricted activity were exclud-
ed in this study, a few participants had slight activity re-
striction and could not perform the test at their usual 
speed. Similar inconsistent conclusions have been ob-
served in randomized clinical trials (RCTs);11,12,26-28 alt-
hough some RCTs have demonstrated positive effects, 
11,26 Latham et al have reported the lack of significant 
impact of 25(OH)D on any of the functional outcome 
parameters in 25(OH)D treated participants.27,28 In addi-
tion to physical activity and nutritional factors, genetic 

and biological factors such as genotype, hormones, and 
metabolism are also related to muscle mass and function.6 
Heterogeneity in basic serum vitamin D, nationality, and 
culture characteristics might also be potential confound-
ers for the association; these factors are difficult to con-
trol for in a regional study. The inconsistent results from 
RCTs might be due to heterogeneity in study design, 
methodology, and dosage of vitamin D supplement.  
 
Strengths and limitations 
It should be noted that this study has some limitations. 
Firstly, the cross-sectional study design precludes causal 
inferences regarding the relationship between vitamin D 
and sarcopenia. Hence, additional experimental and lon-
gitudinal studies are warranted. Secondly, blood samples 
for vitamin D detection were obtained in winter, when the 
participants may have presented with lower vitamin D 
concentrations than normal, which might have led to an 
underestimation of the average vitamin D and might bring 
a bias in the association. Finally, we used only grip 
strength and regular gait speed to assess skeletal muscle 
function. More indicators for muscle strength and physi-
cal performance (e.g., isometric knee extensor strength 
test, timed up and go test, and timed chair stand test) 
should be included in future studies.  

Nevertheless, this study has some strength: this is the 
first study to investigate the association between vitamin 
D and both skeletal muscle mass and function in China, 
and the findings are expected to spur future studies in this 
field in China. Moreover, nearly 1000 participants from 
the community were involved in this study, and the re-
sponse rate was as high as 92.4%.    
 
Conclusions  
The present study indicates the role of vitamin D on skel- 

Table 4. Multiple logistic regression results† 

 
 Men  Women 
 Unadjusted Model I Model II  Unadjusted Model I Model II 
Low gait speed      

Q1 1.00 1.00 1.00  1.00 1.00 1.00 
Q2 0.87(0.37, 2.07) 0.61 (0.22, 1.65) 0.64 (0.23, 1.74)  1.72 (0.92, 3.21) 1.82 (0.87, 3.79) 1.63 (0.78, 3.44) 
Q3 0.39 (0.15, 1.02) 0.44 (0.15, 1.28) 0.47 (0.16, 1.37)  1.29 (0.69, 2.41) 1.47 (0.70, 3.08) 1.35 (0.64, 2.86) 
Q4 0.37 (0.12, 1.16) 0.24 (0.06, 0.99) 0.31 (0.07, 1.29)  1.36 (0.64, 2.88) 1.61 (0.67, 3.90) 1.52 (0.63, 3.71) 

Low grip strength      
Q1 1.00 1.00 1.00  1.00 1.00 1.00 
Q2 0.78 (0.31, 1.94) 0.73 (0.26, 2.08) 0.58 (0.20, 1.65)  2.37 (1.00, 5.59) 2.22 (0.88, 5.64) 1.98 (0.77, 5.08) 
Q3 0.36 (0.13, 1.01) 0.56 (0.18, 1.73) 0.43 (0.14, 1.33)  1.94 (0.82, 4.58) 1.74 (0.68, 4.44) 1.57 (0.61, 4.05) 
Q4 0.13 (0.03, 0.67) 0.07 (0.01, 0.66) 0.05 (0.01, 0.48)  1.71 (0.62,4 .72) 1.73 (0.57, 5.31) 1.65 (0.53, 5.08) 

Low SMM       
Q1 1.00 1.00 1.00  1.00 1.00 1.00 
Q2 1.10 (0.45, 2.69) 1.37 (0.53, 3.52) 1.47 (0.56, 3.87)  1.62 (0.78, 3.37) 1.84 (0.86, 3.95) 1.84 (0.86, 3.95) 
Q3 1.05 (0.42, 2.66) 1.12 (0.43, 2.95) 1.25 (0.46, 3.36)  2.15 (0.96, 4.38) 2.43 (0.97, 5.12) 2.43 (0.97, 5.12) 
Q4 1.08 (0.38, 3.03) 1.59 (0.52, 4.80) 1.98 (0.63, 6.18)  1.08 (0.43, 2.70) 1.34 (0.52, 3.46) 1.34 (0.52, 3.46) 

Sarcopenia       
Q1 1.00 1.00 1.00  1.00 1.00 1.00 
Q2 0.46 (0.13, 1.67) 0.63 (0.15, 2.69) 0.90 (0.17, 4.72)  0.57 (0.25, 1.31) 0.49 (0.15, 1.66) 0.89 (0.22, 3.44) 
Q3 0.46 (0.13, 1.69) 1.22 (0.26, 5.80) 1.05 (0.16, 6.77)  0.43 (0.19, 0.95) 0.32 (0.10, 1.02) 0.43 (0.12, 1.57) 
Q4 0.36 (0.10, 1.40) 0.64 (0.11, 3.77) 0.25 (0.03, 2.12)  0.76 (0.28, 2.08) 1.05 (0.22, 5.14) 1.23 (0.22, 6.78) 

 
SMM: skeletal muscle mass. 
†Presented as odds ratio and 95% CI for skeletal muscle mass and function with serum vitamin D percentiles. There was no any adjust-
ment in the “Unadjusted” model. Model I was adjusted for sex, age, occupation, sun exposure, physical activities, education, body fat 
percentage, smoke, alcohol drinking, dietary protein and energy intake. In model II, low grip strength, low gait speed and low SMM, 
were additionally adjusted for.   
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etal muscle strength in men, which highlights a new po-
tential way for improving skeletal muscle function in old-
er people.  
 
ACKNOWLEDGEMENTS 
The authors acknowledge the support from all team members at 
the Wulituo Community Health Center and Lugu Community 
Health Center, Shijingshan District, Beijng. In addition, we 
acknowledge all participants. We also thank Biospacechina Co., 
Ltd., who supported the body composition test by providing the 
InBody720.  
 
AUTHOR DISCLOSURES 
There are no conflicts of interests. The study was funded by 
China National Nature Science Foundation (81202205). 
 
REFERENCES 
1. Zhao M, Liu W. Health management in China. Int J Cardiol. 

2014;176:234. doi: 10.1016/j.ijcard.2014.06.085. 
2. Delmonico MJ, Harris TB, Lee JS, Visser M, Nevitt M, 

Kritchevsky SB, Tylavsky FA, Newman AB. Health, Aging 
and Body Composition Study. Alternative definitions of sar-
copenia, lower extremity performance, and functional im-
pairment with aging in older men and women. J Am Geriatr 
Soc. 2014;55:769-74. doi: 0.1111/j.1532-5415.2007.01140. 
x. 

3. Goodpaster BH, Park SW, Harris TB, Kritchevsky SB, 
Nevitt M, Schwartz AV et al. The low skeletal muscle 
strength, mass, and quality in older adults: The health, aging 
and body composition study. J Gerontol A Biol Sci Med Sci. 
2006;61:1059-64. doi: 10.1093/gerona/61.10.1059. 

4. Janssen I. Evolution of sarcopenia research. Appl Phsyiol 
Nutr Metab. 2010;35:707-12. doi: 10.1139/H10-067. 

5. Siddiqui SM, Chang E, Li J, Burlage C, Zou M, Buhman 
KK, Koser S, Donkin SS, Teegarden D. Dietary intervention 
with vitamin D, calcium, and whey protein reduced fat mass 
and increased lean mass in rats. Nutr Res. 2008;28:783-90. 
doi: 10.1016/j.nutres.2008.08.004. 

6. Rolland Y, Czerwinski S, Abellan Van Kan G, Morley JE, 
Cesari M, Onder G et al. Sarcopenia: its assessment, etiolo-
gy, pathogenesis, consequences and future perspectives. J 
Nutr Health Aging. 2008;12:433-50. doi: 10.1007/BF029 
82704. 

7. Dobnig H. A review of the health consequences of the vita-
min D deficiency pandemic. J Neurol Sci. 2011;311:15-8. 
doi: 10.1016/j.jns.2011.08.046. 

8. Mets T. Calcium, vitamin D, and hip fractures. Incidence of 
falls may have decreased. BMJ. 1994;309:193. doi: 10.1136/ 
bmj.309.6948.193. 

9. Visser M, Deeg DJ, Lips P, Longitudinal Aging Study Am-
sterdam. Low vitamin D and high parathyroid hormone lev-
els as determinants of loss of muscle strength and muscle 
mass (Sarcopenia): the longitudinal aging study Amsterdam. 
J Clin Endocr Metab. 2003;88:5766-72. doi: 10.1210/jc. 
2003-030604. 

10. Carrasco GM, Dominguez De LA, Martinez FG, Ihle S S, 
Rojas Á V, Foradori C A, Marín L PP. Vitamin D levels in 
older healthy Chilean adults and their association with func-
tional performance. Rev Med Chil. 2014;142:1385-91.  

11. Moreira-Pfrimer LD, Pedrosa MA, Teixeira L, Lazaretti-
Castro M. Lazaretti-Castro M. Treatment of vitamin D defi-
ciency increases lower limb muscle strength in institutional-
ized older people independently of regular physical activity: 
a randomized double-blind controlled trial. Ann Nutr Metab. 
2009;54:291-300. doi: 10.1159/000235874. 

12. Janssen HC, Samson MM, Verhaar HJ. Muscle strength and 
mobility in vitamin D insufficient women geriatric patients: 

a randomized controlled trial on vitamin D and calcium sup-
plementation. Aging Clin Exp Res. 2010;22:78-84. doi: 10. 
1007/BF03324819. 

13. Gumieiro DN, Murino Rafacho BP, Buzati Pereira BL, Ca-
vallari KA, Tanni SE, Azevedo PS et al. Vitamin D serum 
levels are associated with handgrip strength but not with 
muscle mass or length of hospital stay after hip fracture. Nu-
trition. 2015;31:931-4. doi: 10.1016/j.nut.2014.12.022. 

14. Mithal A, Bonjour JP, Boonen S, Burckhardt P, Degens H, 
El Hajj Fuleihan G et al. Impact of nutrition on muscle mass, 
strength, and performance in older adults. Osteoporos Int. 
2013;24:1555-66. 

15. Li YP, Song J, Pan H, Yao MJ, Hu XQ, Ma GS. Validity of 
food frequency questionnaire to investigate the dietary ener-
gy and nutrients intake. Acta Nutrimenta Sinica. 2006;28: 
143-7.  

16. Ling CH, de Craen AJ, Slagboom PE, Gunn DA, Stokkel 
MP, Westendorp RG, Maier AB. Accuracy of direct seg-
mental multi-frequency bioimpedance analysis in the as-
sessment of total body and segmental body composition in 
middle-aged adult population. Clin Nutr. 2011;30:610-5. doi: 
10.1016/j.clnu.2011.04.001. 

17. Kim M, Kim H. Accuracy of segmental multi-frequency 
bioelectrical impedance analysis for assessing whole-body 
and appendicular fat mass and lean soft tissue mass in frail 
women aged 75 years and older. Eur J Clin Nutr. 2013;67: 
395-400. 

18. Chen LK, Liu LK, Woo J, Assantachai P, Auyeung TW, 
Bahyah KS et al. Sarcopenia in Asia: Consensus report of 
the Asian Working Group for Sarcopenia. JAMDA. 2014;15: 
95-101. 

19. LeBlanc E, Zakher B, Daeges M, Pappas M, Chou R. 
Screening for vitamin deficiency: a systematic review for 
the U.S. Preventive Services Task Force. Ann Intern Med. 
2015;162:109-22. doi: 10.7326/M14-1659. 

20. Mowe M, Hang E, Bohmer T. Low serum calcidiol concen-
tration in older adults with reduced muscular function. J Am 
Geriatr Soc.1999;47:220-6. doi: 10.1111/j.1532-5415.1999. 
tb04581.x. 

21. Liao L, Chen X, Wang S, Parlow AF, Xu J. Steroid receptor 
coactivator 3 maintains circulating insulin-like growth factor 
1 (IGF-1) by controlling IGF-binding protein 3 expression. 
Mol Cell Biol. 2008;28:2460-9. doi: 10.1128/MCB.01163-
07 

22. Nibbelink KA, Tishkoff DX, Hershey SD, Rahman A, 
Simpson RU. 1,25(OH)2 vitamin D3 actions on cell prolif-
eration, size, gene expression, and receptor localisation, in 
the HL-1 cardiac myocyte. J Steroid Biochem Mol Biol. 
2007;103:533-7. doi: 10.1016/j.jsbmb.2006.12.099. 

23. Nguyen TM, Lieberherr M, Fritsch J, Guillozo H, Alvarez 
ML, Fitouri Z, Jehan F, Garabédian M. The rapid effects of 
1,25-dihydroxyvitamin D3 require the vitamin D receptor 
and influence 24-hydroxylase activity: studies in human skin 
fibroblasts bearing vitamin D receptor mutations. J Biol 
Chem. 2004;279:7591-7. doi: 10.1074/jbc.M309517200. 

24. Hopkinson NS, Li KW, Kehoe A, Humphries SE, Roughton 
M, Moxham J, Montgomery H, Polkey MI. Vitamin D re-
ceptor genotypes influence quadriceps strength in obstruc-
tive pulmonary disease. Am J Clin Nutr. 2008;87: 385-90. 

25. Geusens P, Vandevyver C, Vanhoof J, Cassiman JJ, Boonen 
S, Raus J. Quadriceps and grip strength are related to vita-
min D receptor genotype in elderly nonobese women. J 
Bone Miner Res. 1997;12:2082-8. doi: 10.1359/jbmr.1997. 
12.12.2082. 

26. Pfeifer M, Begerow B, Minne HW, Suppan K, Fahrleitner-
Pammer A, Dobnig H. Effects of a long-term vitamin D and 
calcium supplementation on falls and parameters of muscle 



Serum vitamin D and skeletal muscle function                                   855 

function in community dwelling older individuals. Osteopo-
ros Int. 2009;20:315-22. doi: 10.1007/s00198-008-0662-7. 

27. Latham NK, Anderson CS, Lee A, Bennett DA, Moseley A, 
Cameron ID. Fitness Collaborative Group. A randomized, 
controlled trial of quadriceps resistance exercise and vitamin 
D in frail older people: the frailty interventions trial in elder-

ly subjects (FITNESS). J Am Geriatr Soc. 2003;51:291-9. 
doi: 10.1046/j.1532-5415.2003.51101.x. 

28. Latham N, Anderseon C, Reid I. Effects of vitamin D sup-
plementation on strength, physical performance, and falls in 
older persons: a systematic review. J Am Geriatr Soc. 
2003;51:1219-26. doi: 10.1046/j.1532-5415.2003.51405.x. 
 


